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INTRODUCTION
Herbivores may prevent the establishment of invasive species and it is one of the mechanisms involved in the biotic resistance hypothesis; (Elton 1958; Catford et al. 2009 ). Herbivory is an important mechanism in controlling aquatic macrophytes in freshwater ecosystems (Xiong et al. 2008; Li et al. 2009; Schooler et al. 2011; Bakker et al. 2016; Wood et al. 2017; Mormul et al. 2018; O'Hare et al. 2018; Strange et al. 2018) , in which snails may negatively impact the macrophytes (Carlsson and Lacousière 2005; Gross and Lombardo 2018) . Herbivores may also reduce populations of native macrophyte species, however, thus facilitating colonization by invasive species, which become established due to less regulation by the herbivore than the native species in the invaded habitat (i.e., enemy release hypothesis; Keane and Crawley 2002) . Therefore, herbivores choosing between native and invasive macrophyte species may have consequences for the success of the invasive species.
The likelihood of a herbivore choosing a native or invasive macrophyte species as a food item may be related to the randomness of the resource localization (Maiorana 1981; Figueiredo et al. 2015) . Food choice is a complex process, involving a balance among resource abundance, nutritional quality, and available energy (Berner et al. 2005; Schallhart et al. 2012 ). Nutrition quality and available energy could be related to resource palatability. Palatability is not an easy concept to define in relation to biological processes that involve resource selection (Molyneux and Ralphs 1992) . The palatability of a food resource is usually associated with features of the tissue, such as its chemical characteristics and structural properties, which are essential to food choice (e.g., Molyneux and Ralphs 1992; Ho and Pennings 2013; Redekop et al. 2018) .
Moreover, food choice may also be related to the shared evolutionary history of the consumer and its resources (Siemann and Rogers 2003; Lankau et al. 2004) . The co-D r a f t 4 occurrence of herbivores and plants over evolutionary timescales may favor a defensive advantage for native plants through natural selection, which would decrease the herbivory rate (Hay et al. 1994; Hartley and Jones 1997; Hanley et al. 2007) . If so, then it is possible that invasive plant species are chosen by herbivores because the plants do not have sufficient forms of defence to inhibit them (Hokkanen and Pimentel 1989; Colautti et al. 2004) . Therefore, understanding which factors drive herbivore food choices could help in determining whether a herbivore will consume both native and invasive submerged macrophytes, and whether the origin of the species matters, as opposed to the palatability of the food.
Pomacea canaliculata (Lamarck 1819) is a herbivore native to South America that also occurs outside its native range in regions such as Asia, where they were introduced for aquaculture purposes (Naylor 1996; Carlsson and Brönmark 2006) . In the native range of P. canaliculata, there is also the native submerged macrophyte Egeria najas Planch, which co-occurs with the invasive submerged macrophyte Hydrilla verticillata (L. f.) Royle (Sousa 2011) , which is native to Asia and Australia (Cook and Luond 1982) . Both macrophytes belong to the same family (Hydrocharitaceae), and have similar ecological and morphological characteristics (e.g., Mormul et al. 2010) , but H. verticillata has higher invasiveness potential than E. najas (Sousa 2011) . Hydrilla verticillata (L. f.) Royle has spread rapidly in the upper Paraná River in Brazil, but this macrophyte has not successfully colonized floodplain lakes, where E. najas occurs at high frequency and with high biomass (Sousa 2011) . Some studies have associated the lack of H. verticillata in these floodplain lakes to the high concentrations of organic matter in the lake floor sediments (Silveira and Thomaz 2015) . On the other hand, the failure of H. verticillata to establish in floodplain lakes may also be explained by intense herbivory by P. canaliculata, since this snail is found D r a f t 5 in high densities in this habitat (R.P.M. pers. obs. 2017). A previous experiment has provided evidence that this snail, along with herbivorous and shredder fish, has the potential to increase resistance against H. verticillata invasion (Ribas et al. 2017);  however, the mechanisms that explain herbivory (e.g., plant palatability) are less well understood.
Here, we first experimentally evaluated the consumption capacity of P.
canaliculata, in relation to the native and invasive submerged macrophytes, to assess whether this snail would consume both macrophyte species or not. Then, we measured the stiffness of the macrophytes (which reflects mouthfeel), and the available energy (associated with nutritional quality), of both submerged macrophytes. Finally, we carried out a food choice experiment to determine whether these two facets of palatability could be more important than the life history between consumer and resource, in order to explain the choice of a specific macrophyte.
METHODS

Sampling and acclimation phase
We collected the invasive H. verticillata and the native E. najas from a floodplain lake connected to the upper Paraná River, Brazil (22°44'56.63"S, 53°15'34.63"W). Before starting the experiment, we acclimated the macrophyte fragments using 24 white polythene containers (diameter = 50 cm) that contained a sediment layer (50% organic matter, 50% sand) 10 cm thick at the bottom, with 80 cm of water-column (60 L of tap water) above. In 12 containers, we planted 24 fragments of H. verticillata (15 cm long, two per container), while the other 12 containers received 24 fragments of E. najas (15 cm long, two per container). The fragments were planted in the sediment which was collected at the same site of the macrophytes collection and D r a f t 6 kept in a greenhouse for 35 days. During this period, there were weekly water exchanges, and dissolved nutrients (nitrogen, phosphorus, and potassium) were added to water of the containers to boost plant growth prior to the experimentation. We added nutrients (N, P, K) with proportions of 4 -14 -8, respectively. We carried out the acclimation phase to provide a similar environment for both macrophyte species, regarding nutrient availability in the water and sediment. Also, we checked all of the containers daily to remove potential herbivores.
We surveyed the same floodplain lake where we collected the submerged macrophyte fragments from to obtain P. canaliculata individuals. We selected individuals with similar weight (25.05 ± 4.93 g; mean ± SD), operculum width (36.19 ± 2.54 mm), and shell length (47.46 ± 2.80 mm). These were also acclimated in the greenhouse in 200 L aquaria for 35 days, in which they were free-feeding on H.
verticillata and E. najas, resembling the natural conditions of food availability for the snails and the co-occurrence between submerged macrophytes and the snails.
Consumption experiment
To verify whether P. canaliculata would consume both H. verticillata and E. najas under experimental conditions, we carried out a fast assay inside a greenhouse with stable temperature and light distribution, using 24 rectangular aquaria (width = 22.5 cm, length = 25 cm, height = 35 cm) filled with 12 L of tap water. In this experiment, we measured the amount of macrophyte biomass P. canaliculata could consume, with respect to the invasive and native food resources.
All of the food-free aquaria received two individuals of P. canaliculata, 48 h prior to the experiment. Then, all of the aquaria received two macrophyte patches containing apical portions (10 cm long) of the macrophyte species taken from the D r a f t acclimation containers. Half of the aquaria received H. verticillata and the other half E.
najas. The macrophytes were attached to a plastic net (10 cm x 10 cm) by their lower portions in order to form a monospecific macrophyte patch inside the aquaria. Because the H. verticillata apical portions were lighter than the E. najas apical portions, we adjusted the number of apical portions in each macrophyte patch, depending on the macrophyte species, to achieve similar macrophyte biomass availability as a food resource to P. canaliculata. Each of the H. verticillata patches received 12 apical portions (mean fresh weight of 2.24 g ± 0.17 SD), while each of the E. najas patches received six apical portions (mean fresh weight of 2.77 g ± 0.18 SD).
We positioned the macrophyte patches and P. canaliculata individuals randomly on opposite sides of the aquaria and we monitored the P. canaliculata herbivory hourly.
We followed the recommendation of Båmstedt et al. (2000) to avoid a decrease in resource availability below 50% because, below this threshold, the consumer could reduce its food intake to keep the food available for an extended period, generating another effect besides the treatment effect per se. Therefore, as the macrophyte patches approached resource availability close to 50% (based on visual assessment of the number of apical portions in the aquaria), we removed the macrophyte patches from the experimental unit, and recorded the length of time the macrophyte had been available for P. canaliculata herbivory. Using the Båmstedt et al. (2000) approach, ca. 12 h was enough time to achieve fragment availability of around 50% in most of the aquaria, at least regarding one of the macrophyte species, and then, the experiment was over.
We used manual centrifugation to remove the surplus water from all the remaining macrophyte fragments, and thus obtained the remaining macrophyte fresh weight. Because of the variation in initial macrophyte biomass between the experimental units, and due to different experiment durations among the experimental D r a f t 8 units, we calculated the percentage of macrophyte biomass consumed (C) in each unit, in relation to the length of time given for consumption in each experimental unit, as follows:
Where IB represents the initial macrophyte biomass in the experimental unit, FB represents the final macrophyte biomass in the experimental unit, and t is the length of time (mainly expressed in hours) given for consumption in the experimental unit.
Food choice experiment
After the consumption experiment, we kept P. canaliculata individuals without food for 48 h to avoid using satiated individuals in the food choice experiment. We used the same 24 aquaria from the consumption experiment, filled with 12 L of tap water. In the food choice experiment, all aquaria received one macrophyte patch of each macrophyte species, containing the same amount and biomass of fragments used in the consumption experiment. Also, the preparation of the macrophyte patches followed the protocol described previously in the consumption experiment; however, differently from the consumption experiment, both macrophyte patches were added simultaneously, on the same side of the aquaria, while only one P. canaliculata individual was added per aquarium in the side opposite to the macrophytes.
The experiment was carried out inside a greenhouse in order to have stable temperature and light distribution. The duration of the experiment, the positions of the macrophyte patches and P. canaliculata individuals, and the acquisition of the response variable (percentage of macrophyte biomass consumed) followed the same protocol used in the consumption experiment.
Palatability (stiffness and available energy) assay
We assessed macrophyte stiffness indirectly, using a traction assay carried out in a texturometer (Stable Micro Systems, Surrey, England). Measurements were made on 10 apical fragments of each species (mean diameter: H. verticillata = 1.29 ± 0.299 mm;
E. najas = 1.55 ± 0.105 mm) from each container, obtained at the end of the acclimation phase. All fragments were 15 cm long, and were kept under water until the assay. For each assessment, we dried out the fragments using a hand centrifuge, turning it 30 times. We held the fragment in clamp probes by the apex and the base, so that the extremities were maintained three cm inside the probe, and the fragment remained stretched (without any tensile force, i.e., at rest). We used the texturometer in 'measure force in tension' mode (50 kg load cell) to obtain a relation between stress and strain, in To analyze the available energy, we estimated the caloric content of both macrophyte species. We took 12 macrophyte apical portions from each container (12 containers with E. najas and 12 containers with H. verticillata) at the end of the acclimation phase. The fragments were dried in an oven (48 h at 60 °C), and macerated using a ball-mill until they formed a fine and homogeneous powder, from which we took 0.5 g of each replicate (i.e., from the acclimation container) for calorimetric analysis. We measured the energy density as calories per gram of macrophyte dry weight (cal. g DW -1 ), using an adiabatic calorimeter (Model Parr 6100). For example, plants may present reduced nitrogen concentrations in their tissues, and they may accumulate toxins in response to higher herbivory, which decreases the herbivory rate (Hay et al. 1994; Hartley and Jones 1997; Hanley et al. 2007 ). Thus, it is possible that invasive plant species are chosen because they do not have sufficient forms of defense to inhibit herbivory, since these species are in a new environment with a new consumer (Hokkanen and Pimentel 1989; Colautti et al. 2004 ). In addition, P. canaliculata found high availability of H. verticillata, and probably learned that the consumption of this macrophyte was energetically compensatory.
Data analyses
In the upper Paraná River basin, the population size of H. verticillata has increased (Sousa 2011) , but this invasive species has not become established in the river's floodplain lakes. One of the main reasons for the failure of H. verticillata colonization in this area is likely the high concentration of organic matter in the lake sediments (Silveira and Thomaz 2015) ; however, P. canaliculata does inhabit these lakes, and could be controlling the population size of H. verticillata (Ribas et al. 2017) , since snail herbivory is reported to control aquatic macrophyte populations (e.g., It is worth noting that the herbivory potential of P. canaliculata has also been recognized outside of its native range. In areas where P. canaliculata is considered invasive, it causes negative impacts on native populations of the plants it uses as a food resource, resulting in a significant decline in aquatic macrophytes (e.g., Carlsson and Lacousière 2005). In Southeast Asia, P. canaliculata is invasive, and its herbivory pressure has caused the devastation of certain rice crops (Halwart 1994) , negatively impacting the native semi-aquatic macrophyte species (Carlsson and Lacousière 2005) .
Hydrilla verticillata is a native species from Asia, where P. canaliculata was introduced into. Therefore, if P. canaliculata was to exert a similar herbivory pressure on H.
verticillata to that observed in this study, outside of its native range, then we would expect that native populations of H. verticillata in Asia could be negatively affected by the herbivory of this snail.
We highlight that our results came from a short-term experiment, with herbivore density and food availability used as a fixed factor, and that food consumption may change with different food availability (e.g., Båmstedt et al. 2000) . It also could change in response to different herbivore densities. In addition, we used only two Hydrocharitaceae taxa as a food resource, whilst other macrophyte taxa may present microstructures or secondary compounds that would help to prevent herbivory, and could potentially affect the strength of the consumer-resource interaction (Prusak et al. 2005; Gross and Bakker 2012; Bakker et al. 2016) . Hydrocharitaceae species present secondary compounds indeed (e.g., Erhard and Gross 2006; Hilt and Gross 2008 ) and E.
najas and H. verticillata compounds could be responsible for different epiphyton species attached on them in situ (e.g., Mormul et al. 2010 
